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ULTRAVIOLET STABILITY OF SOME MODIFIED METAL PHOSPHATES 

FOR THEFDNG-CONTROL SURFACES 

ABSTRACT 

The u l t r a v i o l e t  and thermal s t a b i l i t i e s  of chemical conversion coatings based 
on aluminum and chromium phosphates have been invest igated.  The o p t i c a l  p roper t ies  
of these coatings a re  usefu l  i n  aerospace applications as thermal-control surfaces  
since t h e i r  r a t i o  of s o l a r  absorptance t o  thermal emittance (aS/€) can be adjusted 
by using t h e  appropriate surface thickness and/or t r e a t i n g  the thermal-control 
surface with an a l k a l i  metal hydroxide. The r a t i o  of  s o l a r  absorptance t o  thermal 
emittance can be decreased from 1 t o  0.3 by react ing the aluminum and chromium 
phosphate surface with one normal sodium hydroxide. The exposure of these sur- 
faces a t  room temperatures t o  u l t r a v i o l e t  rad ia t ion  i n  a vacuum increases  the  
s o l a r  absorptance by about 10 t o  20 percent of the o r i g i n a l  value. On t h e  other  
hand, the change i n  the thermal emittance was found t o  be a function o f  the 
sample temperature during the u l t r a v i o l e t  exposure. When the samples were main- 
ta ined near room temperature, the thermal emittance w a s  found t o  decrease 
approximately 20 t o  30 percent; however, when t h e  sample w a s  cooled t o  0' C ,  t h e  
reverse w a s  noted. I n  the  l a t te r  case, t h e  emittance increased s u f f i c i e n t l y  t o  
r e s u l t  i n  an o v e r a l l  decrease i n  t h e  r a t i o  o f  us/€. 



ULTRAVIOiXT STABILITY OF SOME MODIFIED METAL FHOSPHAE3S 

FOR THERMAL-CONTROL SUFPACES 

By George F. Pezdir tz  and Noel T. Wakeiyn 
NASA Langley Research Center 

INTRODUCTION 

A s  a result of an increasing number of o r b i t a l  missions extending over long 

periods,  t he re  has been considerable need f o r  thermal-control surfaces  which are 

"s table"  t o  the space environment, that is, surfaces  which r e t a i n  t h e i r  o r i g i n a l  

o p t i c a l  p roper t ies  a f t e r  extended exposure t o  t he  space environment. 

e rab le  amount of work has recent ly  been d i rec ted  toward developing and t e s t i n g  

such coatings (ref. 1-4).  

ca t ions  s a t e l l i t e  program, the thermal-control coatings must m e e t  f u r t h e r  s t r i n -  

gent requirements. 

mately 57,000 square feet .  

0.75 m i l  t h i c k  and is composed of two outer  l aye r s  of 0.18 m i l  aluminum f o i l  

glued t o  a 0.33-mil Mylar p l a s t i c  f i l m  a s  shown i n  f igu re  1. 

very l a rge  surface and the  very t h i n  substrate ,  it was necessary t o  use a thermal- 

con t ro l  surface with a minimum weight and thickness.  

A consid- 

I n  some instances,  such as  the  Echo passive comuni- 

The thermal-control surface of the  Echo (A-12) i s  approxi- 

The t o t a l  s t r u c t u r a l  s h e l l  of the  Echo (A-12) i s  only 

A s  a r e s u l t  of t he  

Chemical conversion coatings have proved t o  be the most p r a c t i c a l  approach 

t o  this problem. 

by a d ip  process on t h e  t h i n  outer aluminum f o i l  w a s  successful .  

w a s  a commercial product, Alodine 401-451. 

u l t r a v i o l e t  s t a b i l i t y  of i t s  op t i ca l  p roper t ies  over extended t i m e s  s ince Alodine 

had previously been used pr imar i ly  as a pa in t  primer and weather pro tec tan t  f o r  

A mixture of chromium phosphate and aluminum phosphate deposited 

This coat ing 

It w a s  necessary t o  inves t iga te  the  

'Trade mark of Amchem Products, Inc. ,  Ambler, Pennsylvania. 
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aluminum, and v i r t u a l l y  nothing w a s  known of i t s  use f o r  thermal-control 

purposes. 

Determination of Solar  Absorptance and Thermal Emittance 

The t o t a l  hemispherical ref lectance from 0.2 t o  2 .1  microns w a s  measured with 

a Cary-14 spectrophotometer equipped with an i n t e g r a t i n g  sphere coated with 

barium su l fa te .  

standards. 

tance of the specimen f o r  each wavelength increment corresponding t o  a 1-percent 

energy increment under the solar-energy curve. These weighted re f lec tance  

increments were then summed over the 0.2g~-to-2.02-micron range and the  t o t a l  

ref lectance subtracted from uni ty .  

Freshly smoked magnesium oxide p l a t e s  were used as ref lectance 

Calculations of s o l a r  absorptance were made by determining t h e  re f lec-  

The " t o t a l  hemispherical ref lectance" from 4 t o  15 microns w a s  measured with 

a Perkin Elmer 13-U spectrophotometer equipped with a hohlraum attachment. The 

emittance values were calculated by determining the  ref lectance of t h e  specimen 

f o r  each wavelength increment corresponding t o  a 1-percent energy increment under 

a 295' K blackbody curve. These weighted ref lectance increments were then summed 

over the 4-to-15-micron range (with allowance being made f o r  t h e  f a c t  t h a t  t h i s  

s p e c t r a l  region contains only 53 percent of the  blackbody energy) and subtracted 

from uni ty .  The r e s u l t a n t  value i s  r e f e r r e d  to i n  t h i s  paper as thermal emittance. 

Preliminary da ta  recent ly  obtained by a calor imetr ic  technique ind ica tes  t h a t  the 

spectrophotometric method, for the  phosphate coat ing i n  t h e  4-to-13-micron range, 

i s  systematically high i n  E by about 0.02. 

Chemic a1 Conversion Coatings 

The chemical conversion coating, Alodine 401-45, i s  produced by reac t ing  an 

aluminum surface with an aqueous so lu t ion  of chromic, phosphoric, and hydrofluoric 
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acids.  

absorptance t o  thermal emittance (u,/E) var ies  from 7.0 t o  0.80 as a funct ion 

cf t h e  m r f s c e  iiezsities, whirh varied from 30.4 milligrams per  square foot i o  

426 milligrams per  square foot ,  respect ively.  

absorptance increases  i n i t i a l l y  and then remains v i r t u a l l y  constant over a wide 

range of surface dens i t i e s  ( th ickness) .  I n  contrast ,  t h e  thermal emittance w a s  

found t o  increase almost l i n e a r l y  over the  same range of surface dens i t i e s .  This 

va r i a t ion  of thermal emittance with surface densi ty  permits a wide range of equi- 

l ibr ium temperatures f o r  an Alodine 401-45 coated s a t e l l i t e  simply by se l ec t ing  

the  appropriate surface densi ty  with the  desired us/€ r a t i o .  Since the  thermal 

emittance of t h i s  type of surface i s  the  cont ro l l ing  f a c t o r  i n  i t s  usefu l  o p t i c a l  

p roper t ies ,  a t t e n t i o n  w a s  focused on the  inf ra red  spec t ra  of these coatings 

( r e f .  5 ) .  

Clemmons and Camp (ref.  4) have reported t h a t  t he  r a t i o  of so l a r  

They a l so  found t h a t  the  s o l a r  

A t y p i c a l  in f ra red  absorptance spectrum f o r  Alodine 401-45 i s  shown i n  

f igu re  2 along with a p l o t  of t he  spectral-energy d i s t r i b u t i o n  f o r  a 300° K black- 

body. 

3.8-micron region, which has been a t t r i b u t e d  t o  the  ac id ic  hydroxyl group 

(ref.  6 ) ,  i s  of much less s ignif icance t o  the thermal emittance than the  broad 

peak i n  t h e  7.5-to-11-micron region, which i s  due t o  the  phosphate group (refs. 6 

and 7 ) .  

body f a l l s  within the  8- t o  12-micron region whereas less than 1 percent of t he  

t o t a l  e n e r a  f o r  a 300° K blackbody i s  found a t  wavelengths shor te r  than 

4 microns. 

changed t o  a l ter  the  i n t e n s i t y  of the  broad peak a t  7.5 t o  11 microns it would be 

poss ib le  t o  increase the  thermal emittance of the  Alodine 401-45 surface without 

r e s o r t i n g  t o  an increase i n  surface density.  

There are two prominent peaks i n  t h i s  i n f r a red  spectrum. The peak i n  the  

The reason i s  t h a t  over 23 percent of t he  t o t a l  energy of a 300' black- 

If the  chemical nature of t he  phosphate group could be s u f f i c i e n t l y  

Al te ra t ion  of t h i s  group i s  possible  



I - 4 -  

by varying the  ac id ic  nature of t he  phosphate group as shown below: 

0 

OH 

By causing the above s e r i e s  of e q u i l i b r i a  t o  s h i f t  toward the  r igh t ,  t he  

The subsequent decrease i n  the v ibra t ions  of t he  P-0 bond should be changed. 

hydroxyl content should reduce the  p o s s i b i l i t y  of hydrogen bonding involving the  

OH group and thus permit increased P-0 v ibra t ions .  

would result i n  an increase i n  the  i n t e n s i t y  a t  the  7.3- t o  11-micron band and 

Increased P-0 v ibra t ions  

hence a surface with a higher emittance. 

A s e r i e s  of experiments were ca r r i ed  out t o  t es t  t h i s  hypothesis. Samples 

of Alodine 401-45 on the  Echo (A-12) laminate were reacted wi th  d i l u t e  sodium and 

potassium hydroxide solut ions f o r  t i m e s  ranging from 10 t o  60 seconds. After  

washing i n  water and drying i n  air, the  infrared-absorption spec t ra  were again 

determined. 

ac id ic  OH band at 3.8 microns w a s  found t o  decrease with reac t ion  t i m e  i n  t he  

basic  solution, as shown i n  f igure  3. 

emittance was found t o  be l i n e a r  with reac t ion  time from an E 

The band a t  7.5 t o  11 microns w a s  found t o  increase whereas the  

The r e su l t an t  increase i n  the  thermal 

of 0.2 t o  0.4. 

I n  addition t o  increasing the  thermal emittance of t he  Alodine 401-45 sur- 

face,  it was found t h a t  the  so l a r  absorptance and surface weight both decreased 

with react ion time as i l l u s t r a t e d  i n  f igu res  4 and 5 ,  respect ively.  

e f f e c t  of t h i s  treatment i s  t o  decrease the  r a t i o  of 

T h i s  approach t o  modifying the  surface of Alodine 401 now m a k e s  it poss ib le  t o  

obtain lower as /€  

as previously described (ref.  4 ) .  

The ove ra l l  

as/€ as shown i n  f igu re  6. 

r a t i o s  without t h e  necess i ty  of increas ing  surface dens i t i e s ,  

~ 
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Stabil  i ty to U I t r ~ ~ t ~ l e t ,  Therml, and Vaczmi E r i v i i - O i - ~ ~ ~ i t S  

Exposure t o  u l t r a v i o l e t  and thermal environments are  known t o  produce 

changes i n  the o p t i c a l  propert ies  of thermal-control surfaces  and coatings 

(rcfz. 1, u, Q a l r ~  --J n\ 7 ) .  Xest uf Lilt: reported invest igat ions of the  s t a b i l i t y  of 

thermal-control surfaces have been concerned with the  e f f e c t s  of u l t r a v i o l e t  

rad ia t ion  i n  a vacuum on the  s o l a r  absorptance of the  surfaces .  I n  the  case of 

Pre s sure, 
Radiation 

thermal coatings which contain s m a l l  molecular species of moderate v o l a t i l i t y ,  it 

Temperature, 
OC 

i s  reasonable t o  expect some e f f e c t  from long-term exposure t o  elevated tempera- 

Thermal 
Ul t rav io le t1  
Ul t rav io le t1  
Ul t rav io le t1  

t u r e s  i n  a vacuum as w e l l  as u l t r a v i o l e t  e f f e c t s .  V e r y  l i t t l e  has been reported 

1 
10-6 
10-6 
10-7 

on thermal e f f e c t s  alone, though i n  some cases the temperature of the  specimen 

during exposure t o  u l t r a v i o l e t  can have a s igni f icant  e f f e c t ,  even t o  the extent  

of obscuring the  e f f e c t s  of the u l t r a v i o l e t  exposure. 

The conditions and environments used f o r  studying the  s t a b i l i t y  of the 

aluminum and chromium phosphate coatings are  summarized below. 

ENVIRONMENTAL CONDITIONS 

100 
70 
0 

25 

' Intensity,  approximately 3 t o  4 suns. (BH-6 lamp.) 

In  studying the  e f f e c t s  of u l t r a v i o l e t  rad ia t ion  on the o p t i c a l  p roper t ies  

of thermal-control surfaces, it i s  e s s e n t i a l  t h a t  the specimen temperature be 

well known and maintained as constant as possible so as not t o  obscure the  ultra- 

v i o l e t  e f f e c t  with thermal e f f e c t s .  When the u l t r a v i o l e t  i n t e n s i t y  i s  considerably 

higher than s o l a r  in tens i ty ,  the high thermal output of the source increases the 

d i f f i c u l t y  i n  maintaining the desired sample temperature. A comparison of thermal 
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and u l t r a v i o l e t  e f f e c t s  on so la r  absorptance and thermal emittance i s  shown i n  

f igure  7. The decrease i n  emittance i s  probably due i n  a la rge  p a r t  t o  l o s s  of 

water and i s  near ly  the  same f o r  the thermal and u l t r a v i o l e t  t e s t s .  There i s  some 

evidence fo r  t h i s  as shown by the  decrease i n  the  absorbed water peak ( r e f .  10) 

at  6.1 microns i n  f igu res  8 and 9. 

f o r  the  thermal (looo C )  and f o r  the  u l t r a v i o l e t  exposure a t  25' and Oo C .  

spread i n  values of as /€  

t o  d i f f e ren t  i n i t i a l  values of 

The change i n  as /€  i s  shown i n  f igu re  10 

The 

f o r  the  u l t r a v i o l e t  exposure a t  2 5 O  C are, i n  p a r t ,  due 

a s / € .  

I n  general, the  thermal and u l t r a v i o l e t  tes ts  a t  100' C and 25' C ,  respec- 

t i ve ly ,  resu l ted  i n  an increase i n  as of 10 t o  20 percent  and a decrease i n  

E .  The overa l l  e f f e c t  w a s  an increase i n  the  as/€ r a t i o .  The converse w a s  

found f o r  those specimens which were maintained a t  Oo C during the  exposure a t  

loW6 t o r r  t o  u l t r a v i o l e t  rad ia t ion  from a BH-6 lamp where a l a rge  increase i n  

more than compensated f o r  a s l i g h t l y  higher increase i n  as.  A comparison of the  

spec t ra  of specimens a f t e r  u l t r a v i o l e t  i r r a d i a t i o n  a t  d i f f e r e n t  temperatures i s  

i l l u s t r a t e d  i n  f i g u r e s  9 and 11. The in f r a red  spec t ra  of the  surfaces  i r r a d i a t e d  

at Oo C resemble those from the  sodium hydroxide t r e a t e d  surface with the  excep- 

t i o n  t h a t  the 3.8-micron peak i s  increased in s t ead  of decreased. The absorbed 

water i s  apparently trapped i n  or on the  surface a t  Oo C i n  s u f f i c i e n t  amounts 

such t h a t  it i s  ava i lab le  t o  undergo photo-induced in t e rac t ions  with the  mixed 

phosphates i n  the thermal-control surface.  The l i t e r a t u r e  i s  exceedingly sparse  

i n  regard t o  basic  s tud ie s  on the  photo lys i s  of metal phosphates. 

s tud ies  are required t o  descr ibe more f i l l y  the nature  of t h i s  e f f e c t .  

E 

Additional 
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CONCLUSIONS 

1. The op t i ca l  p roper t ies  of chemical convers-3n coatings can be a tered 

as/€ by control led post-treatments of *he surface t o  provide a wider range of 

values without increasing surface thickness .  

2 .  Temperatures of t es t  specimens can be as important, or more important, 

than the degree of vacuum or  u l t r a v i o l e t  f l u x  i n  ascer ta ining the s t a b i l i t y  of 

op t i ca l  p roper t ies  f o r  therm&-control surfaces .  

3 .  More a t t e n t i o n  should be devoted t o  t h e  bas ic  spectrophotometric 

techniques for determining the  cause of changes i n  op t i ca l  p roper t ies  as w e l l  as 

development of new thermal-control surfaces .  
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